Introduction and hypothesis Acidic fruits are commonly cited in the lay press as potential bladder irritants that may promote urinary incontinence (UI), but no epidemiologic studies have examined this issue. We hypothesized that higher intake of acidic fruits might be related to greater risk of UI incidence and progression in women. Methods In one set of analyses, we included women without UI at study baseline in the Nurses' Health Studies (NHS), with 34,144 women aged 54-79 in NHS I and 31,024 women aged 37-54 in NHS II. These cohorts were established among women living in the USA. Incident UI was ascertained over 4 years of follow-up, and acidic fruit consumption was measured by food frequency questionnaire prior to UI onset. In a second set of analyses, we examined UI progression over 2 years of follow-up among 11,764 women in NHS I and 11,299 women in NHS II with existing UI. Multivariable-adjusted relative risks were calculated for the associations of acidic fruit intake and UI incidence and progression. Results We found no relation between acidic fruit intake and risk of developing UI, including urgency, mixed, and stress UI. In addition, there was no association between consumption of acidic fruits and UI progression, regardless of UI type.
Introduction
Both the World Health Organization and US Department of Agriculture recommend fruit and vegetable consumption for health maintenance [1, 2] . In particular, higher intakes of fruits and vegetables have been linked to a decreased risk of major chronic diseases, particularly cardiovascular and cerebrovascular diseases [3] . However, citrus fruits and tomatoes are commonly cited in the lay press as potential bladder irritants [4, 5] , which are thought to result in a greater propensity for urinary incontinence (UI)-a common and burdensome condition for women [6, 7] . Yet, epidemiologic data are virtually nonexistent in regard to the association between acidic fruit intake and UI. Thus, we prospectively evaluated the consumption of acidic fruits and UI incidence among approximately 65,000 women, aged 37-79 years, in the Nurses' Health Studies (NHS) I and II. We further examined the association of acidic fruit intake and UI progression in a sample of approximately 23,000 women with M.K. Townsend and E.E. Devore contributed equally to this manuscript.
Electronic supplementary material The online version of this article (doi:10.1007/s00192-012-1914-9) contains supplementary material, which is available to authorized users. moderate levels of existing UI in these cohorts. We hypothesized that higher intake of acidic fruits might be related to greater risk of UI incidence or progression in women.
Materials and methods
In 1976, NHS I was established when 121,700 female nurses, aged 30-55 years and living in the USA, returned a mailed questionnaire about their health and lifestyle [8] . In 1989, NHS II began when 116,430 female nurses in the USA, ranging in age from 25 to 42, returned a similar questionnaire [9] . Biennial questionnaires are used to update this information, with follow-up approximately 90 % complete to date in both cohorts. 
Ascertainment of urinary incontinence
To ascertain UI, women in both cohorts were asked, "During the last 12 months, how often have you leaked or lost control of your urine?" Response categories were never, less than once per month, two to three times per month, about once per week, and almost every day. Of women who reported urinary symptoms, we asked the following: "When you lose your urine, how much usually leaks?" Women could indicate a few drops, enough to wet your underwear, enough to wet your outer clothing, and enough to wet the floor. These questions have been previously validated [10] [11] [12] [13] . In a random sample of 200 NHS I participants, we previously established that women's responses to these questions are highly reliable [14] .
Incidence of urinary incontinence
To study new onset of UI, we defined baseline as 2000 in NHS I and 2001 in NHS II ("incidence baseline"), the first follow-up as 2002 in NHS I and 2003 in NHS II ("first incidence follow-up"), and the second follow-up as 2004 in NHS I and 2005 in NHS II ("second incidence follow-up"). Ninety-three percent of women who provided UI information at incidence baseline also reported UI information at least once during follow-up and were included in the incidence analyses. We excluded 40,807 NHS I participants and 43,926 NHS II participants with prevalent UI at incidence baseline, which was defined as UI at least once per month or UI less than once per month of quantities at least enough to wet the underwear. We also removed women from our analysis if they were missing data on acidic fruit intake or key potential confounders, including body mass index (BMI), parity, and caffeine, at the start of either 2-year follow-up period. Furthermore, women who reported major neurologic conditions (stroke, multiple sclerosis, Parkinson's disease, or amyotrophic lateral sclerosis) or functional limitations (difficulty climbing a flight of stairs, walking one block, bathing, or dressing) were excluded because these ailments might hinder a woman's ability to reach the bathroom in a timely manner, and thus contribute to UI (as suggested by previous epidemiologic studies) [15, 16] , and might also result in dietary changes. After these exclusions, there were 65,168 remaining women (34,144 in NHS I and 31,024 in NHS II) in our sample for incidence analyses.
For UI incidence, we defined cases as: (1) women who reported UI at least once per month at the first or second incidence follow-up ("any UI") and (2) women who reported UI at least once per week at the first or second incidence follow-up ("frequent UI"). In addition, we used a supplemental questionnaire in both cohorts to assess incontinence type among women with frequent incontinence at the first incidence follow-up, as we thought that these women were more likely to accurately report circumstances surrounding UI onset compared to women with less frequent incontinence. The questions about UI type have been previously validated [17, 18] . Due to the large number of women with incident frequent UI in NHS I, the supplemental questionnaire was sent to a random sample of 80 % of these cases (n02,183); the response rate was 84 %. In NHS II, the supplemental questionnaire was sent to virtually all incident cases of frequent UI (n01,224; 19 cases did not receive this questionnaire because they were identified after it was mailed) and 79 % responded. Information on UI type was collected directly from the main NHS questionnaires rather than from a supplementary questionnaire during the second incidence follow-up.
We defined urgency UI as primarily leaking accompanied by an urge to urinate or a sudden feeling of bladder fullness; stress UI as leaking primarily with coughing, sneezing, lifting things, laughing, or exercise; and mixed UI when the occurrence of urgency and stress UI was reported to be equally common. There were 187 cases of frequent UI that did not meet any of these definitions and were therefore excluded from our analyses of UI type. Ninety-two percent of women who provided UI information at progression baseline also provided UI information at progression follow-up. Women who: (1) provided incontinence information at progression baseline and follow-up, (2) reported UI one to three times per month ("moderate UI") at progression baseline, (3) did not have missing data on acidic fruit intake or potential confounders, and (4) did not report major neurologic conditions or functional limitations (as described previously for incidence analyses) were included in progression analyses (n011,764 in NHS I and 11,299 in NHS II). We defined cases of UI progression as women who reported moderate UI at progression baseline and frequent UI at progression follow-up ("UI progression").
Ascertainment of acidic fruit intake
A validated semiquantitative food frequency questionnaire (FFQ) was used to ascertain dietary habits beginning in 1980 in NHS I and 1991 in NHS II; it was repeated approximately every 4 years in each cohort [19] . Food items were specified in common units or portion sizes (e.g., one small glass of orange or grapefruit juice, or one tomato) and participants were asked how often, on average, they consumed each food item over the previous year. Nine response options ranged from "almost never" to "≥6 times per day." We considered acidic fruit intake to be consumption of fruits with a pH of 4.6 or less, as defined by the US Food and Drug Administration, as well as the corresponding fruit juices [20] . For each participant, we calculated total energy intake by multiplying the consumption frequency and energy content of each food (determined using the Harvard University Food Composition Database, and updated regularly) and summing these values across the diet. In a validation study, high correlations were observed for intakes of major acidic fruits comparing the FFQ assessment to four 1-week dietary records collected over 1 year [21] . In particular, correlation coefficients (corrected for within-person variation in dietary records) were 0.74 for oranges, 0.84 for orange or grapefruit juice, and 0.73 for tomatoes on the FFQ versus diet records.
Statistical analysis
Our primary exposure was total acidic fruit intake, although we secondarily considered intakes of specific categories, including citrus fruit, plums/grapes, apples, berries, and tomatoes/tomato products. For incidence analyses, we considered participants' most recent intake of acidic fruits reported on the questionnaire prior to the development of UI. Because acidic fruit is considered a bladder irritant, our main interest was examining associations with incident urgency and mixed UI [4, 5] . Analyses of UI incidence over 4 years included women with at least one report of UI status at the first or second incidence follow-up; therefore, we calculated multivariable-adjusted relative risks (RR) of incident UI, estimated by hazard ratios, across quintiles of acidic fruit intake using Cox proportional hazard models [22] . Quintiles were created by dividing the ranked data into fifths. Cox proportional hazard models were used because they allow changes in participant follow-up status (e.g., missing data on the first, but not the second, follow-up questionnaire) and thus take advantage of all available data. Models were stratified by age (in months) and 2-year time period (necessary for incidence analyses), and we considered covariates that were identified from the existing literature as potential risk factors for UI: parity, BMI, cigarette smoking, race, type 2 diabetes, total fluid intake, and physical activity. The status of these covariates was updated at follow-up.
For analyses of UI progression over 2 years, we considered acidic fruit intake reported at progression baseline in relation to progression risk; again, urgency and mixed UI were primary outcomes. Because we restricted these analyses to women with UI data at baseline and progression follow-up (i.e., women with uniform follow-up), we calculated multivariable-adjusted RR of UI progression, estimated by odds ratios (OR), across quintiles of acidic fruit intake using logistic regression models. Covariates considered for logistic regression models were identical to those described above for UI incidence models.
After calculating cohort-specific RR of UI incidence and progression, we combined the log RR, weighted by the inverse of their variances, using a random effects model for meta-analysis; between-study heterogeneity was tested by the Q statistic [23] . We calculated 95 % confidence intervals (CI) for all RR estimates, and conducted tests of linear trend using an ordinal variable representing the median value of each exposure quintile.
Results
In analyses of UI incidence, NHS I participants were aged 54-79 years and NHS II participants were aged 37-54 years. Acidic fruit intake was slightly greater in NHS I compared to NHS II (median02.6 versus 2.1 servings/day), and the largest food contributors were tomatoes and orange juice in both cohorts. Overall, characteristics of participants were similar across quintiles of acidic fruit intake in both cohorts (Table 1) . However, with increasing quintiles of acidic fruit intake, women had greater levels of physical activity and, as might be expected, higher total energy consumption. These trends were similar among women included in our progression analyses (results not shown in tables).
No clear association was evident between higher intake of acidic fruits and risk of incident frequent UI in NHS I (p trend00.07) or NHS II (p trend00.9), and there was no statistical difference in results between the two cohorts (Q statistic00.88, p heterogeneity00.3) ( Table 2 ). When the cohorts were combined, there was no overall association between acidic fruit intake and frequent UI (p trend00.1), and specifically no difference in frequent UI risk comparing the highest and lowest quintiles of acidic fruit consumption (RR00.91, 95 % CI00.81-1.02), after adjusting for numerous potential confounding variables. For urgency UI, we found that intake of acidic fruits was not associated with risk in either NHS I (p trend00.5) or NHS II (p trend00.6), and these associations were similar between cohorts (Q statistic00.70, p heterogeneity00.4). When we combined data in the two cohorts, there was no overall association between acidic fruits and urgency UI risk (p trend00.8), and the risk of urgency UI was similar comparing the highest versus lowest quintiles of acidic fruit intake (RR01.07, 95 % CI00.76-1.50). Findings were similar when we considered any UI (i.e., leaking at least once per week), stress UI, and mixed UI as outcomes of interest.
Furthermore, acidic fruit intake was not related to risk of UI progression among women with moderate UI at baseline in NHS I (p trend00.9) or NHS II (p trend00.6) ( Table 3) ; this association did not differ between the two cohorts (Q statistic00.06, p heterogeneity00.8). In models including women from both cohorts, acidic fruit consumption was not associated with progression risk (p trend00.7); for example, the RR of UI progression was 1.00 (95 % CI00.89-1.11) comparing the top versus bottom quintiles of acidic fruit intake. In addition, we found no association between acidic fruit consumption and risk of urgency UI progression in either NHS I (p trend00.3) or NHS II (p trend00.1), and the association did not differ between these cohorts (Q statistic00.61, p heterogeneity00.4). Combined results for the two cohorts also showed no relation between acidic fruit intake and urgency UI progression (p trend00.1), with a similar risk in the highest and lowest quintiles of intake (RR01.09, 95 % CI00.91-1.32). Again, there were no associations for any UI, stress UI, or mixed UI progression.
In secondary analyses, we found no associations of specific acidic fruit categories (citrus fruit, plums/grapes, apples, berries, and tomatoes/tomato products) with risk of incident UI or UI progression in either NHS I or NHS II (results not shown in tables). For example, in combined cohort analyses, there was no evidence that consumption of citrus fruit or tomatoes/tomato products was related to an increased risk of frequent UI (for citrus fruit: p trend00.01; RR00.91, 95 % CI00.82-1.00 comparing the highest versus lowest quintiles; for tomatoes/tomato products: p trend00.7; RR01.00, 95 % CI00.90-1.11 comparing extreme quintiles) or an increased risk of UI progression (for citrus fruit: p trend00.8; RR01.01, 95 % CI00.89-1.15 comparing extreme quintiles; tomatoes/ tomato products: p trend01.0; RR00.98, 95 % CI00.82-1.17 comparing extreme quintiles).
Discussion
We found no association of acidic fruit intake to initial development or progression of UI in this large, prospective study of women. Although the lay literature classifies citrus fruits and tomatoes as bladder irritants, and thus especially a RR relative risk, CI confidence interval, NHS Nurses' Health Study a RRs are adjusted for age, total energy intake (quintiles), BMI (continuous), parity (0, 1-2, ≥3 live births), cigarette smoking (never, past, current: 1-14, 15-24, ≥25 cigarettes/day), race (white, black, Asian, other/missing), physical activity (continuous), total caffeine intake (continuous), and diabetes b Frequent UI is defined as incontinence at least once per week c Urgency UI is defined as primarily leaking accompanied by an urge to urinate or a sudden feeling of bladder fullness d Cohort-specific RRs were combined using random effects meta-analysis e Q statistic00.88, p heterogeneity00.3 f Q statistic00.70, p heterogeneity00.4
potential risk factor for urgency UI, higher intakes of acidic fruits were not associated with UI overall, or urgency UI in particular. These findings provide the first substantial epidemiologic evidence that restrictions on acidic fruits, including citrus fruits and tomatoes, may not be necessary for women who are concerned about incontinence. Previous epidemiologic studies of acidic fruits and UI are virtually nonexistent. A single prospective study (n06,424 women) reported that overall fruit intake was not related to risk of overactive bladder, and higher fruit consumption appeared to be associated with a slight, but nonsignificant, decrease in risk of stress incontinence (p trend00.05; OR00.78, 95 % CI00.53-1.12 for fruit consumption ≥5 times/day versus <2 times/day) [24] . A specific analysis of acidic fruits was not conducted in that report; however, the study is consistent with the results of our analysis, which provides no indication that fruits contribute to UI in women. Moreover, existing evidence suggests that most fruits and vegetables, including the vast majority of acidic fruits examined in our analysis, increase urine pH due to their high content of carbonate, sodium, and potassium [25, 26] . Thus, although the fruits themselves are acidic and therefore are thought to be bladder irritants, their alkalinizing effects on urine could explain the lack of association between acidic fruit intake and UI in this study.
The strengths of our study include its large, prospective design, use of validated instruments for measuring dietary intake and urinary symptoms, and availability of data on many potential confounding variables. Some limitations should also be considered when interpreting our results. First, dietary information was self-reported in NHS I and II, and we expect that a certain amount of reporting error led to some random misclassification of acidic fruit intake. However, the validation of our FFQ demonstrated very good ascertainment of the primary fruits of interest for these analyses [21] . Moreover, we have previously identified strong relations of fruit intake and major health outcomes in the NHS cohorts, indicating that our data on fruit intake are adequate to detect associations of interest [27, 28] . Second, our FFQ could not distinguish women who consumed large quantities of acidic fruits at once versus smaller quantities spread throughout the day; thus, we could not examine whether different consumption patterns may result in different UI risks. Third, women who experienced early symptoms of incontinence may have reduced their acidic fruit consumption to help alleviate these symptoms. This source of bias would tend to induce an association between higher fruit consumption and reduced risk of incident UI, but is not likely to explain our generally null results. Finally, women who are diagnosed with certain chronic diseases (e.g., coronary artery disease) may increase their acidic fruit intake as part of an effort to adopt a healthy lifestyle, while medications taken for such conditions (e.g., diuretics) may independently lead to UI. However, inclusion of these women would have tended to bias our results in favor of an association between higher consumption of acidic fruits and increased risk of incontinence. Because we found no relation of acidic fruits and incontinence, this possibility is not likely to have substantially influenced our results. In summary, there was no evidence in our study to suggest an association of acidic fruit intake, including citrus fruits and tomatoes, with UI incidence or progression in this first large, prospective study of acidic fruits. These findings may be important for helping to establish evidence-based dietary recommendations around acidic fruits and UI, particularly given the many likely health benefits of fruit intake [2, 3] .
